Aims-Drunk driving is a major public health concern, but drugged driving has received little attention. This study examines drugged driving and riding with a drugged driver in a college student sample, in terms of prevalence, age-related trends, race/sex differences, overlap with drunk driving, and risk for alcohol and marijuana dependence.
Introduction
While drunk driving has long been recognized as a major public health concern, driving under the influence of other drugs (i.e., "drugged driving") has received much less attention. The 2010 National Drug Control Strategy identified drugged driving as a national research priority, urging that prevention advancements for drugged driving be on par with those for drunk driving (Office of National Drug Control Policy, 2010). Drugged and drunk driving together accounted for 14% of U.S. drivers/motorcyclists involved in fatal crashes in 2008 (National Highway Traffic Safety Administration, 2008) . Epidemiologic and experimental evidence shows that illicit and prescription drug use is associated with drug-related impairments in driving skills and increased risk of traffic accidents (Dussault et al., 2001; Fergusson et al., 2008; Hall, 2009; Rapoport et al., 2009; Sharma, 1976) . Laboratory studies have linked marijuana intoxication to impairment of cognitive abilities and motor skills employed in driving (Lenne et al., 2010; Menetrey et al., 2005; Papafotiou et al., 2005; Ramaekers et al., 2006) , and others have demonstrated an increased risk for motor vehicle collisions, holding constant other factors (Asbridge et al., 2005; Richer and Bergeron, 2009 ).
The annual prevalence of drugged driving is estimated at 2.9% among adults 26 and older, but is considerably higher (12.8%) in young adults 18 to 25 years old (Substance Abuse and Mental Health Services Administration, 2010b). The proportion of U.S. drivers testing positive for drugs is even higher, ranging as high as 16.3% for weekend nighttime drivers (Lacey et al., 2009) . After alcohol, the most commonly detected drugs in both U.S. and European motorists tend to be marijuana, cocaine, benzodiazepines, and opiates, with polydrug use being prevalent (Christophersen and Morland, 1997; Lacey et al., 2009; Senna et al., 2010) . Riding with a drugged driver is also common, with one in five high school seniors riding in a car driven by someone under the influence of marijuana during the past two weeks (O'Malley and Johnston, 2007) . Narrowing the focus to illicit drug users, pastyear drugged driving estimates vary widely, ranging from 23% to 90% (Albery et al., 2000; Jones et al., 2005; Matthews et al., 2009; Reilly et al., 1998; Walsh and Mann, 1999) , with injection drug users having one of the highest rates (88%; Darke et al., 2004) .
As with many risky behaviors, young white males are more likely than others to engage in drugged driving O'Malley and Johnston, 2007 ), yet these correlations are confounded by their association with drug use itself. Among drug-using individuals, drugged driving has been associated with more frequent drug use (Mallick et al., 2007) and drug dependence (Begg et al., 2003; Hingson et al., 2008) . Drugged drivers are likely to engage in other substance-related traffic-risk behaviors, yet estimates of the degree of overlap vary widely. Among high school seniors who drove after using marijuana during the past two weeks, about one in three also drove after heavy drinking (O'Malley and Johnston, 2007) , whereas in the general U.S. population, 77% of past-year drugged drivers also drove under the influence of alcohol (Substance Abuse and Mental Health Services Administration, 2002, 2010a) .
College students are an important population for understanding drugged driving. Many of the correlates of drugged driving-including being young, unmarried, and having only a few years of driving experience (Asbridge et al., 2005; Walsh and Mann, 1999 )-correspond to traditional college student characteristics, and full-time college students are at higher risk than their same-age counterparts (Substance Abuse and Mental Health Services Administration, 2003a). Also, risky behaviors abound in college, with 37.5% of full-time college students using illicit drugs annually (Substance Abuse and Mental Health Services Administration, 2005), and 13.9% engaging in unprotected sex as a result of drinking (American College Health Association, 2007) . Previously we reported high rates of drunk driving (17% of 19-year-old drivers) and riding with a drunk driver (38% of all 19-yearolds) in our college student sample (Beck et al., 2010) .
In light of the dangers posed by drugged driving and college students' high risk for this behavior, this study aimed to: 1) estimate the annual prevalence of drugged driving and riding with a drugged driver; 2) evaluate age-related trends and race and sex differences in these two behaviors; 3) examine the degree of overlap between drugged and drunk driving; and 4) estimate the strength of the association of drugged and drunk driving with alcohol and marijuana dependence.
Methods

Study Design
Data were collected in the College Life Study, a prospective study of young adult healthrelated behaviors. At one large, public university in the mid-Atlantic region, 3401 incoming first-time, first-year students ages 17 to 19 were screened during summer orientation in 2004 (88.7% response rate). Next, 1253 (86.5% response rate) were sampled for longitudinal follow-up, beginning with a two-hour baseline assessment, consisting of interview and selfadministered components, sometime during their first year of college (Year 1). Individuals who had used an illicit drug or nonmedically used a prescription drug at least once prior to college were purposively oversampled. Annual follow-up assessments achieved high completion rates [91.1% for Year 2 (n=1142), 87.9% for Year 3 (n=1101), and 87.6% for Year 4 (n=1097)]. Interviewers were trained extensively on interview administration and human subjects protections. Participants received $5 for the screener, $50 for each annual assessment, and a $20 bonus for on-time completion of follow-up assessments. Sampling, recruitment, and interview procedures are documented fully elsewhere (Arria et al., 2008) . This study was approved by the university's IRB, and a federal Certificate of Confidentiality was obtained.
Participants
The analytic sample comprised 1194 individuals (47.7% male, 72.8% white) who participated in at least one assessment in Years 2 through 4 (corresponding to sophomore, junior, and senior years of college for students following a traditional track), and were ages 19 to 22 at the time of those assessments (see Section 2.4.). Year 1 data were not used due to overlap with high school experiences. Most (80.3%) were still enrolled at the same university by Year 4. Regarding socioeconomic status, more than two-thirds had a collegeeducated mother (37.7% four-year degree, 35.8% graduate degree). Compared with the 59 excluded individuals, the inclusion sample had slightly but significantly fewer men and was slightly younger.
Measures
2.3.1. Substance-related traffic-risk behaviors-Participants were asked how many times in the past 12 months they "drove while high on other drugs," inclusive of both illicit drugs and prescription drugs used nonmedically. Interviewers recorded the specific drug(s) used before driving. Responses were later dichotomized into "none" and "once or more." Dichotomous past-year variables were constructed similarly for riding with a drugged driver ("you were a passenger in a vehicle driven by someone under the influence of other drugs") and drunk driving ("you drove while drunk on alcohol").
2.3.2.
Access to a car-Annually participants were asked if they had "access to driving a car during the past 12 months." All participants were asked questions about traffic-risk behaviors regardless of access; however, some analyses were restricted to drivers only (see Section 2.4.).
2.3.3.
Past-year drug use-A series of interview questions captured the past-year frequency of use for eleven different illicit and nonmedical prescription drugs (marijuana, inhalants, hallucinogens, cocaine, amphetamines, methamphetamine, heroin, ecstasy, and prescription stimulants, tranquilizers, and analgesics). Responses were later dichotomized as "none" and "once or more" for each drug.
2.3.4.
Alcohol and marijuana dependence-Standard items corresponding to the DSM-IV criteria for dependence on alcohol and marijuana were administered annually (American Psychiatric Association, 1994; Substance Abuse and Mental Health Services Administration, 2003b). Individuals were coded as alcohol dependent if they experienced three or more of the following during the past year: tolerance, withdrawal, using more than intended, inability to cut back, spending a great deal of time using or obtaining alcohol, failure to fulfill major role obligations, and/or continued use despite alcohol-related problems with physical or mental health. Marijuana dependence was coded similarly, with the exception that withdrawal was not assessed (American Psychiatric Association, 1994) . Individuals using the substance less than five days annually were not assessed for dependence and automatically coded as non-dependent.
2.3.5. Demographics-Participants' age at each interview was computed from university administrative data. Gender was recorded at baseline. Race was self-reported in Year 3 and later dichotomized for analytic purposes into white and non-white.
Analytic Samples
Because individuals who had tried an illicit drug at least once during high school were oversampled, statistical weighting was desirable to better represent the general population of screened students. Weights were computed based on pre-college drug use (as measured at screening), gender, and race by dividing the number of screened individuals in each drug use-gender-race cell by the corresponding number of sampled individuals. The present analyses report weighted prevalence estimates (denoted as % wt ) for drugged driving, drunk driving, and riding with a drugged driver. Inferential statistics were evaluated using unweighted data.
Repeated measures analyses were undertaken using generalized estimating equations (GEE) (Hardin and Hilbe, 2003; Liang and Zeger, 1986) , with age as the repeated factor. Data from Years 2 through 4 were available, corresponding to ages 18 through 23; however, small cell sizes precluded inclusion of observations for ages 18 and 23, leaving a final sample of 3286 observations for ages 19 to 22. Access to driving was an additional inclusion criterion for analyses on drugged and drunk driving, with the exception that the few individuals who denied having access to drive but did engage in drugged (n=36 observations) and/or drunk driving (n=30 observations) were retained in the analysis sample. Riding with a drugged driver was not restricted on the basis of access to driving a car. Thus, the analytic sample sizes varied slightly: 3011 observations for drugged driving, 3005 for drunk driving, and 3286 for riding with a drugged driver. All analyses were conducted using PASW Statistics 18.0 (IBM Corporation, 2009).
Analytic Strategy
A series of GEE models were developed to evaluate age-related changes in prevalence of drugged driving and riding with a drugged driver, as well as possible gender and race differences; estimated marginal means were requested to obtain prevalence estimates. Age was the repeated factor, and gender and race were entered simultaneously as main effects. In subsequent models, the first-order interactions of age, gender, and race were added in turn. This series of GEE models was performed first for drugged driving, then for riding with a drugged driver. Following detection of a significant effect, pairwise comparisons were evaluated using Bonferroni correction for multiple comparisons. To further isolate the possible effects of gender and race, drugged driving analyses were repeated with the added inclusion criterion of past-year drug use. Lastly, cross-tabulations were examined to document the overlap between drugged and drunk driving.
A similar GEE approach was used to compare the odds of meeting criteria for alcohol and/or marijuana dependence, by the presence or absence of each traffic-risk behavior. Sex, race, and age were held constant, and age was the repeated factor. To understand whether drugged driving added any predictive value to drunk driving, comparisons were also made amongst the four mutually exclusive groups based on drunk driving (yes/no) and drugged driving (yes/no).
Results
Drugged Driving
The vast majority of students had access to a car in the past year, increasing slightly with age: 83% wt at age 19, 90% wt at age 20, 94% wt at age 21, and 96% wt at age 22. Regardless of age, among those who did have access, approximately one in six (16-17% wt annually) drove under the influence of a drug other than alcohol at least once in the past year (Figure 1 ). Marijuana was overwhelmingly the most commonly mentioned drug in drugged driving experiences (97%), followed by cocaine (13%) and nonmedical use of prescription analgesics (4%); 16% of those who mentioned marijuana also mentioned using one or more other drugs in drugged driving experiences. With respect to frequency, it was not uncommon for drugged driving to occur repeatedly in a given year. Annually, 57% to 67% of drugged drivers did so at least three times, and 27% to 37% at least ten times. Drugged driving's stability was reflected by the absence of a significant statistical effect of age in the GEE model (Table 1) . However, drugged driving differed significantly by gender and race. Drugged driving was more likely in males than females (AOR=2.4, 95%CI=1.9-3.0, p<.001) and in whites than non-whites (AOR=1.5, 95%CI=1.2-2.1, p=.003), holding constant age as the repeated factor. Aggregating responses over time, drugged driving was most prevalent for white males (30% wt ), followed by non-white males (17% wt ) and white females (16% wt ), and least prevalent for non-white females (8% wt ). The first-order interactions between gender, race, and age were not significant.
When the model was restricted to past-year drug users (n=1919), gender's effect was unchanged (AOR=2.2, 95%CI=1.7-2.8, p<.001) and age remained non-significant, but race became non-significant. The estimated probability of drugged driving among drug users who had access to a car was 31% wt at ages 19, 20, and 21, and 33% wt at age 22. Aggregating responses over time, drugged driving prevalence was 44% wt for white males, 36% wt for nonwhite males, 28% wt for white females, and 21% wt for non-white females.
Riding with a Drugged Driver
Among all students-regardless of car access-one in four rode with a drugged driver annually (24-30% wt ; Figure 2 ). Unlike drugged driving, riding with a drugged driver decreased significantly after age 21, and was less likely at age 22 than age 19 (AOR=.8, 95%CI=.6-.9, p=.013; Table 1 ).
As with drugged driving, riding with a drugged driver differed significantly by gender and race. Prevalence was highest for white males (42% wt ) and lowest for non-white females (17% wt ), with white females (31% wt ) and non-white males (24% wt ) in the middle range. Males were more likely than females to ride with a drugged driver (AOR=1.8, 95%CI=1.5-2.2, p<.001), and whites more likely than non-whites (AOR=1. 7, p<.001) . No significant interactions of gender, race, and age were observed, and the observed agerelated decrease was consistent across all gender-race groups (all at p<.01).
Overlap between Drugged and Drunk Driving
In any given year, approximately half of drugged drivers were also drunk drivers (range 47% to 60% annually; Table 2 ), and conversely, about half of drunk drivers were also drugged drivers (45% to 58% annually). The vast majority (>90% annually) of drugged drivers also rode in a car driven by a drugged driver.
Risk for Marijuana Dependence and Alcohol Dependence
All four substance-related traffic-risk behaviors tested were significantly associated with both marijuana and alcohol dependence, even holding constant sex, race, and age (all p<. 001; Table 3 ). Not surprisingly, marijuana dependence was likeliest among drugged drivers (23.5%), especially if they also drove drunk (25.5%). However, although drunk drivers were 2.4 times more likely than non-drunk-drivers to be marijuana dependent (95%CI=1.8-3.2, p<.001), drunk driving did not contribute significantly to marijuana dependence beyond the risk from drugged driving (25.5% vs. 21.9%, p>.9). Individuals who rode with a drugged driver were also at increased risk for marijuana dependence (AOR=13.2, 95%CI=8. 3-20.8, p<.001) , as were those who rode with a drunk driver, albeit less so (AOR=2.5, 95%CI=1.8-3.3, p<.001). Nearly all of the marijuana dependence cases in the entire sample engaged in drugged driving (93.8%), and half of them had driven both drugged and drunk (51.1%).
Alcohol dependence was common among drunk drivers (22.9%, Table 3 ) and higher still among drunk drivers who also drove drugged (28.7%). Drugged driving (AOR=2.5, 95%CI=1.9-3.2, p<.001) and drunk driving (AOR=3.0, 95%CI=2.4-3.9, p<.001) each conveyed similar increases in risk for alcohol dependence as separate main effects, and together, individuals who drove both drugged and drunk were significantly more likely to meet criteria for alcohol dependence compared to those who only drove drunk (28.7% vs. 18.0%, p=.007). Individuals who rode with either a drugged driver (AOR=2.9, 95%CI=2.3-3.6, p<.001) or a drunk driver (AOR=3.1, 95%CI=2. 4-4.0, p<.001 ) were all at increased risk for alcohol dependence. Of all the alcohol dependence cases in the sample, 51.5% had driven drunk, and 32.3% had driven both drunk and drugged.
Discussion
In this study of college-attending young adults, one in six individuals with access to a car drove while high on a drug other than alcohol in the past year, regardless of age. As in earlier studies of U.S. and European drivers, marijuana was the drug most commonly used before driving (Christophersen and Morland, 1997; Lacey et al., 2009; Senna et al., 2010) . Among all students, riding with a drugged driver was reported by 28% wt to 30% wt of 19-to 21-year-olds, followed by a slight but significant decline by age 22 (24% wt ). This was slightly higher than previously observed in high school seniors (O'Malley and Johnston, 2007) . Both drugged driving and riding with a drugged driver were important indicators of risk for alcohol and/or marijuana dependence.
The finding that drugged driving was significantly more prevalent for males than femaleseven taking past-year drug use into account-supports and extends prior evidence from general-population studies, many of which did not account for gender differences in drug use Substance Abuse and Mental Health Services Administration, 2003a) . Although whites were more likely to drive drugged than non-whites, this association disappeared once the analysis was restricted to drug users and thus might be attributable to whites' greater overall drug involvement. However, we cannot rule out the possibility that whites might have had more frequent access to a car.
We observed only partial overlap in college students' risky driving behaviors, with about half of drugged drivers (47-60% wt annually) having also driven drunk. If replicated this finding could indicate that conventional estimates of drunk driving prevalence might underestimate the true extent of substance-impaired driving among college students. This degree of overlap is much less than what has consistently been observed in national data on U.S. young adults (ages 18 to 25), wherein about 77% of past-year drugged drivers have also driven drunk (Substance Abuse and Mental Health Services Administration, 2002 Administration, , 2010a . While this discrepancy could be a result of sampling or measurement differences, it raises the possibility that drugged driving could be more distinct from drunk driving in college students compared to non-students-in addition to being more prevalent-and therefore more likely to go undetected in conventional drunk driving screens.
The study's strengths include its longitudinal design, large sample size, and high follow-up rates. The ability to focus analyses on individuals who had access to a car is an advancement over prior population-based studies, most of which did not take into account access to a car. Thus, it is not surprising that prevalence in this study was somewhat higher than in prior studies of young adults (Substance Abuse and Mental Health Services Administration, 2010b; Walsh and Mann, 1999) . During the transition to young adulthood, access to a car is likely to increase with age, as it did in our sample. This could account for why we found no association of age with drugged driving, unlike prior evidence showing a distinct peak in drugged driving at age 21 followed by a decline starting at age 22 (Substance Abuse and Mental Health Services Administration, 2003a). However, in our analysis of riding with a drugged driver-regardless of access to a car-we observed a similar decline after age 21.
Limitations
Certain limitations of this study must also be acknowledged. Participants were ascertained from a single university, so generalizability to other settings (e.g., smaller private colleges, other geographic areas) might be limited. Although we have no indication that over-or underreporting occurred, self-report data are subject to biases related to recall and social desirability. Since we did not provide participants with an explicit definition of "drunk" or "under the influence of other drugs," we cannot say how many individuals might have been incorrectly classified due to differences in how participants subjectively interpreted these questions. Although many individuals reported both drunk and drugged driving in the past year, we have no information about how often simultaneous polysubstance use may have occurred in any given driving situation. Traffic-risk variables were dichotomized for ease of interpretation; however, in a Poisson model, drugged driving frequency yielded similar results regarding temporal stability and race/gender differences (both at p<.01).
Implications
An important contribution of this study is the finding that drugged driving was just as prevalent as drunk driving in our college student sample (Beck et al., 2010 ), but frequently occurred in different individuals (i.e., drugged drivers who did not drive drunk). Considerable attention has been given to drunk driving prevention and interdiction, and the present findings highlight the need to broaden existing efforts to address drugged driving more assertively and simultaneously with drunk driving. Early identification of and intervention with drugged drivers is one important objective, especially in light of prior evidence that drugged driving offenders are likely to recidivate, perhaps even more so than drunk drivers (Christophersen and Morland, 1997; Christophersen et al., 2002) . Given evidence of a link between driving under the influence of marijuana and reckless driving style (Richer and Bergeron, 2009) , moving violations might be a helpful starting point for identifying individuals at risk for drugged driving. Increased enforcement of existing laws regarding impaired driving may be warranted in college communities. One promising strategy is roadside drug testing, which has been shown to be a more effective deterrent against drugged driving than either increases in the severity of sanctions or providing factual information about risks associated with drugged driving (Jones et al., 2005; Jones et al., 2006) .
Considering that marijuana was usually the drug that was used before driving, it is important to acknowledge that no clear consensus exists in either the epidemiologic or experimental literature as to whether marijuana use alone is actually associated with an increased crash risk (Sewell et al., 2009 ). Although we did not explicitly ask about combinations of substances, many of these individuals probably had alcohol or other drugs in their system simultaneously with marijuana. Since many of the same drivers endorsed both behaviors separately, and since marijuana and alcohol are often consumed together, future investigations should include more systematic event-level assessments of this complex behavior. For example, drug-specific questions should be asked as well as questions about driving under the simultaneous influence of alcohol and marijuana. This is particularly important in light of evidence that the combined effects of alcohol and marijuana are especially dangerous for driving, even at relatively low levels of blood alcohol concentration (Sewell et al., 2009) . Students who drive after drinking but without feeling "drunk" might be more impaired than they realize if they have also used marijuana within the past few hours, and accordingly might be underreporting their actual level of substance-impaired driving.
Apart from traffic safety concerns, our findings have broader implications for drug and alcohol prevention and intervention, as both drugged driving and riding with a drugged driver were strong indicators of serious underlying substance use problems-in this case, dependence on alcohol and/or marijuana. Substance-related traffic-risk behaviors should be integral to comprehensive prevention strategies promoting early intervention with high-risk individuals. College health providers could include routine questions on drugged driving (and riding) when screening patients for substance use problems. Campus administrators and policymakers should advocate for a law enforcement response that includes mandatory referral for evaluation and treatment for drugged driving offenders, and perhaps voluntary referrals for passengers as well. Conversely, driving privileges could be restricted for individuals sentenced to drug treatment programs until the program is completed.
The finding that most drugged drivers also rode with other drugged drivers (>90%) suggests that these individuals may have a tendency to affiliate with other drug-using peers, thereby reinforcing each other's drug-related traffic-risk behaviors. One potential new area of research could be on the clustering of these behaviors and perceived risk within drug-using friendship networks. There is some evidence that the general public has low perceived risk around drugged driving, especially where marijuana is concerned. For instance, many college students perceive few impairment risks from marijuana use (Fischer et al., 2006) and regard drugged driving as more acceptable and less risky than drunk driving (McCarthy et al., 2007) . Further research should identify effective strategies for modifying attitudes about drugged driving within drug-using peer networks. Estimated likelihood of drugged driving, by race, gender, and age. Note. Results computed as estimated marginal means from GEE model with age as a repeated factors. "Overall" prevalence was 16% wt at ages 19 and 20, 17% wt at ages 21 and 22. Estimated probability of riding with a drugged driver, by race, gender and age. Note. Results computed as estimated marginal means from GEE model with age as a repeated factor. *Denotes significant change from the preceding year (p<.05). Table 1 Results of repeated measures GEE predicting drugged driving and riding with a drugged driver on the basis of demographic characteristics. .327 (.023) .8 (.6-.9) .013
Note. Results adjusted for all main effects shown. The interactions of sex, race, and age were tested and found to be non-significant (p>.05).
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Table 2
Co-occurrence of drug-and alcohol-related traffic-risk behaviors, by age.
Age 19 Age 20 Age 21 Age 22
Among drugged drivers (n) Results of repeated measures GEE predicting marijuana and alcohol dependence on the basis of four substance-related traffic-risk behaviors. Note. All results were adjusted for age, sex, and race.
a Risk for marijuana dependence was significantly greater for the combination of drugged and drunk driving relative to drunk driving alone (p<.001) but not drugged driving alone (p>.9).
b Risk for alcohol dependence was significantly greater for the combination of drugged and drunk driving relative to either drugged (p<.001) or drunk driving alone (p=.007).
